IN connection with work on the isotope uptake by normal and malignailt cells, the synthesis of desoxyribose nucleic acid (DNA) by normal and leukaemic bone marrow and blood cells was investigated. This paper reports the results obtained on the incorporation of 32P orthophosphate and adenine-8_14C into DNA by human bone marrow cells in vitro, and the effect of a single dose of 5000 r X-ray irradiation on DNA synthesis.
IN connection with work on the isotope uptake by normal and malignailt cells, the synthesis of desoxyribose nucleic acid (DNA) by normal and leukaemic bone marrow and blood cells was investigated. This paper reports the results obtained on the incorporation of 32P orthophosphate and adenine-8_14C into DNA by human bone marrow cells in vitro, and the effect of a single dose of 5000 r X-ray irradiation on DNA synthesis.
METHODS.
The technique for culturing human bone marrow in vitro has been described in detail elsewhere (Lajtha, 1952a) . Cell suspensions were cultured in a liquid medium and the isotope was added after the cultures were set up. At the end of the culture period (3-26 hours) smears were made from the cultures and stained autoradiographs were prepared for differential counts and grain counting, using a hioh resolution stripp'mg film technique (Laitha, 1952b (Laitha, , 1954a In nearly aR experiments described here the isotope was a'dded so as to have a concentration of 5 Itc. /ml. niedium ; 32P orthophosphate (as supplied by A. E.R. E., Harwell, in a pH 7 phosphate buffer) was used. Lower concentrations of 32P failed to give satisfactory autoradiographs. In a few experiments 10 /tc./ml. mediUM 32P was used, but the general background on the autoradiographs was 14C then rather high due to scatter and cross fire. The concentration of adenine-8_ in all experiments was 0-5 /tc./ml. medium. The specific activity of the adenine 14C sulphate, as supphed from the Radiochemical Centre, Amersham, was 10 PC-1mg-All smears were alcohol fixed, and, to obtain autoradiographs from DNA only, one set of smears from each culture bottle was treated with N HCI at 60' C. for 6. minutes. This degree'of hydrolysis was found to remove aR non-DNA phosphorus as weR as all non-DNA adenine from the cells, while leaving DNA phosphorus and DNA adenine in situ, thus obviating the necessity for the use of the einzyme ribonuclease (Lajtha, 1954b) . Adenine 14C administered to cells appears both as labelled adenine and labelled guanine in the DNA (Hamilton, 1953) . No attempts to separate labelled adenine from labeHed guanine have been made in the experiments ; the activity of the DNA has been measured as a whole. The autoradiographs were exposed for 10-14 days. AR autoradiographs belonging to the same experiment were coated with the same batch of stripping film, exposed the same length of time at the same temperature (3-4' C.) For the calculations on the quantity of isotope i'ricorporated into the cell, it was assumed (1) that the geometry of the autoradiographs was such that only 50 per cent of the electrons emitted from. the disintegrations reached the photograpbic emulsion, and (2) that the 32 P electrons produced 0-7 grains per incident electron, and the 14 C electrons 2 gfai-ns per incident electron (Lamerton, 1950 In preliminary experiments the maximum DNA 32P uptake per nucleus was found to be the order of 600 atoms (> I 00 grains in 14 days' exposure 0-7 grains/ electron). The DNA phosphorus content of the bone marrow cells has been found to be of the order of 8 -7 X 10-7 Itg (Davidson Leslie and White 1951a, 1951b) , i.e., 1-7 x 1010 DNA P atoms/nucleus. The labelling obtained in vitro of the DNA is therefore of the order of I : 3 X 107. If the ceHs cannot differentiate between 31P and 32P then the total phosphorus pool available for the cens must also have been labeRed in the ratio of the order of I : 3 X 107.
Thus for 5,ac. per ml. mediuM 32pin 2 ml. medium = 6-7 X loll 32 P atoms (3-6 X 10-5 #g.)-the total pool should be 6-7 x 1011 x 3 x 107 = 2 x 1019 atoms, i.e., approx. I mg. This figure in fact is probably an overestimate, since some DNA P will be lost during acid hydrolysis and the true labelhng therefore will be higher than the figure I : 3 x 107 given above. with a half-life of over 5000 years.
The concentration of the adenine 14C in the culture medium was 0-5 lie. /ml.
The culture bottles contained 2 ml. medium each, i.e., the number of adenine 14C molecules/culture was of the order of 8 x 1015. Therefore the total number of adenine sulphate molecules in the culture (for a 1 : 40 labelhng in the sample, was of the order of 3 -2 x 1017 (50 ltg./ml.), i.e., 0-26 milimolar. This concentration of adenine was found to be completely non toxic for the cells. If aU the ceRs in the culture (107)would take up the maximum amount of adenine 14C the total DNA uptake would be of the order of 1-2 x 1014 atoms DNA 14C, i.e., about 1/65 of the amouilt supplied in the culture mecliurn. (Table III and Fig. 2 ). This observation 1-.R." The cell cycle as illustrated in Fig. 3 represents the average values for the majority of the dividing cells of the bone marrow, i.e., promyelocytes, myelocytes, pronormoblasts, basophihc normoblasts and early polychromatic normoblasts. In a few experiments, however, where it was found to be possible to count early normoblasts and early myeloid cells separately, a shorter cycle than in Fig. 3 was indicated for the normoblasts. Blast cells from acute leukaemia have shown strikingly slower rate of DNA synthesis than the promyelocytes and mvelocytes 25 of the normal marrow or myelocytic leukaemia marrow (Table IV) Smears not hydrolysed with N HCI, or even better, smeark, treated with the enzyme desoxyribonuclease give a picture of the ribose nucleic acid (RNA) tumover in the cells. It was found that the strongest uptake of RNA 32P or RNA adenine 14C iS in the nucleus. The cytoplasm ofthe early normoblasts and promyelocytes has also show-n uptake, but never to the same extent as the nucleus (Fig. 4-1 1) Fig. 12 , if in a 0-6 hour culture in isotope, radiation is delivered in the 3rd hour TABLF, V.-Effect of 5000 r on the Incorporation of Adenine 14C into DNA.
(Radioserisitivity of the " S " period.) Exp. No. 193 197 193 197 199 193 197 193 197 199 Culture in isotope. (Fig. 14) . The The timing of the ceR cycle is, in principle, in good agreement with that described in the bean root cell by Howard and Pelc (1951) . It is expected that the timing of the ceR cycle in different. mammalian tissues will yield different lengths of cycles. It remains to be seen whether in longer or shorter cycles than iRustrated above, aR periods are longer or shorter, or only G, (and possibly G2). It would not be surprising to find that DNA synthesis is such a rigidly standardised process in Nature that the synthesis of a given diploid amount always takes the same time.
The large dose of radiation employed in these experiments was deliberately chosen. Experiments with lower doses and with varying dose rates are in progress, and it may be that the response of the ceUs under such conditions will be quahtatively as, well as quantitativel different from those described in this paper.
This work is part of an investi-aation carried out iinder a full grant from the British Empire Cancer Campaign.
SUMMARY.
(1) Using the incorporationof 32P and adenine 14C into DNA as indicators of DNA synthesis it was possible to study and to time the period of DNA synthesis in the intermitotic cycle of human bone marrow ceRs in vitro. The total cycle time was found to be of the order of [40] [41] [42] [43] [44] [45] [46] [47] [48] hours for the average dividing bone marrow ceRs (promyelocytes, myelocytes, pronormoblasts, basophihc and polychromatic normoblasts). The period of DNA synthesis was found to be of the order of 12-15 hours taking place in the second half of the cycle, and divided from the mitosis by a 3-4 hours non-synthesising period.
(2) Only ceR types capable of division showed DNA synthesis. (4) Blast cells from acute leukaemias showed a markedly slower rate of DNA synthesis (growth rate) than promyelocytes and myelocytes from normal or leukaemic marrows.
(5) The early nucleated red cell series (pronormoblasts and basophilic normoblasts) showed a slightly faster rate of DNA synthesis than the promyelocytes and myelocytes.
(6) No appreciable DNA synthesis was observed in the lymphocytes whether normal or leukaemic.
(7) 5000 r X-ray irradiation inhibited DNA synthesis immediately and completely.
(8) Cells before the period of DNA synthesis developed a latent damage after 5000 r which either completely abolished or considerably decreased their ability to synthesise DNA.
